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Abstract 
As steel columns under unexpected accidental loading exhibit a tendency of plastic deformation in large buckling, the 
issue has been much discussed along with the evaluation of plastic deformation capacity and restoring force of 
column members in the large deformation range following post-buckling. This study describes how to prevent the 
progressive collapse of structures using the plastic deformation energy of members and absorbing the collapse 
loading energy of structures. The post-buckling strength of the H-shaped steel column member and the plastic 
deformation capacity were reviewed by comparison with the value obtained from the loading test and the results of a 
non-linear FEM analysis. 
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1. Introduction 
As steel column members generally exhibit a tendency of large plastic deformation, they exhibit the 
behavior of significant plastic deformation until final collapse after their buckling. The method of 
evaluating deformation capacity and strength of the column members for the large deformation range 
following buckling has been discussed. Recently, researches have been carried out to prevent progressive 
collapse of a structure, using the plastic deformation capacity of steel members[1][2][3]. In order to 
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absorb collapse loading energy into plastic deformation energy of a steel column, it is necessary to clearly 
identify the behavior of plastic deformation and post-buckling residual strength of a steel column member. 
In this study, a loading test and a non-linear FEM analysis were carried out in order to identify post-
buckling strength and plastic deformation capacity of an H-shaped steel column member to prevent 
progressive collapse of a structure, using post-buckling residual strength of the member.  
2. Analysis of hinge end buckling of H-shaped steel column  
Here, the relationship between stress and deformation of an H-shaped steel column under the pin 
support end condition will be reviewed, using the universal non-linear FEM analysis program (LS-Dyna). 
The analysis result was compared with the loading test result under the same condition by Li (2003) [4] 
for review in order to examine feasibility of the analysis result. 
2.1. Buckling test for hinge  end of H-shaped steel column  
Li (2003) carried out the compression test of an H-shaped steel column to review plastic deformation 
capacity and post-buckling strength in the large-deformation range. The specimen was produced with H-
100x100x6x8, as shown in Fig. 1. (a). As shown in Fig. 1. (b), pin support was employed for the end 
support condition in the compression test of the column member. Table 1 shows sectional features of the 
specimen. The used steel is SS400. 
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 (a)                                                                    (b)   
Fig. 1. (a) Loading test; (b) Overview of specimen 
Table 1. Specification of specimen  
Section properties Specification 
Section area A (mm2) 2.19x109 
Plastic modulus (mm3) Sx 7.65x104 
Sy 2.67x104 
Slenderness ratio Ȝx 18.77 
Ȝy 31.51 
 Young’s modulus (E=2.1x105N/mm2) 
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2.2. Non-linear FEM analysis model of H-shaped beam  
The analysis model was modeled with the sectional shape of H-100x100x6x8, the same length as the 
specimen used in the test, as shown in Fig. 2. (a). Features of the material for the analysis model were set 
as shown in Table 2. in order to reproduce the features of SS400 used in the test.  
Table 2. Features of material for the analysis model  
 Analysis model Rigid body 
Young’s modulus (GPa) 205 205 
Poisson’s ratio 0.29 0.3 
Density(kg/mm3) 7.845x10-6 7.7x10-6 
Yield stress(GPa) 0.31 - 
 
As shown in Fig. 2. (b), the lower rigid body of specimen fully constrained displacement in all 
directions and was implemented to have free rotation in the x and z directions according to the strong and 
the weak axes. The upper rigid body was implemented to have free displacement in the y direction and 
free rotation in the x and z directions according to the strong and the weak axes as in the lower rigid body. 
Loading was applied to impose axial loads on the upper rigid body by forced displacement.  
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(a)                                                                                           (b)  
Fig. 2. (a) Overview of analysis model; (b) Constraint and rotation condition of analysis model  
2.3. Comparison of result of test and analysis  
Fig. 3 shows the relationship between loads and displacement of the strong and the weak axes. In the 
graph showing the relationship between loads-displacement of the strong axis as shown in Fig. 3.(a), there 
is some error in strength degradation after reaching the maximum strength, but there is shown a tendency 
of relatively same post-buckling behavior after the displacement ratio of 0.07. In the graph showing the 
relationship between loads-displacement of the weak axis as shown in Fig. 3.(b), there is shown a 
tendency of almost the same post-buckling behavior. Fig. 4 shows comparison of the deformed shape of 
3390  Hwon-mo Park and Jae-hyouk Choi / Procedia Engineering 10 (2011) 3387–3392
large deflection post-buckling and the result of non-linear FEM analysis for the specimen in strong axis 
loading test. The analysis result showed the same deformed shape as the test result showing local 
buckling of a flange in the center.  
 
0
0.2
0.4
0.6
0.8
1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
0
0.2
0.4
0.6
0.8
1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
{lz{
mlt
{lz{
mlt P
/P
0
/L
P/
P 0
/L  
 (a)                                                                                                  (b)  
Fig. 3. (a) Comparison of relationship between loads-displacement of strong axis; (b) Comparison of relationship between loads-
displacement of weak axis  
 
 
 (a)                                                                                                     (b) 
Fig. 4. (a) Comparison of deformation result by strong axis test and analysis; (b) Comparison of deformation result by weak axis test 
and analysis  
3. Analysis of fixed end buckling of H-shaped steel column  
3.1. Analysis model  
As shown in Fig. 5. (a), the analysis model had the same sectional shape of H-100x100x6x8 as the 
analysis model used under the hinge ended condition. For the boundary condition of fixed ends, the lower 
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rigid body of the analysis model was implemented to have full constraint on all displacement and rotation. 
The upper rigid body was implemented to have free displacement in the y direction and to have full 
constraint on all rotation as in the lower rigid body.  
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(a)                                                        (b)                                                                    (c) 
Fig. 5. (a) Constraint and rotation condition of fixed end analysis model; (b) Hinge end column compression model; (c) Fixed end 
column compression model  
3.2. Result of fixed end buckling analysis of H-shaped beam  
Fig. 6. (a) shows a graph representing the relationship between vertical load and displacement of the 
analysis model of a fixed end short column. The hinge end model showed sharp strength degradation after 
reaching the maximum load, but the fixed end model kept the maximum strength to the displacement ratio 
of 0.02 after reaching the maximum load. The hinge end model showed local buckling in the center, but 
the fixed end model showed local buckling in the center and both ends as shown in Fig. 6. (b). 
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Fig. 6. (a) Comparison of result of fixed end model and hinge end model; (b) Buckling of fixed end analysis model  
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4. Conclusion 
The non-linear FEM analysis under the end constraint conditions when vertical loads were applied to 
an H-shaped steel column was carried out to examine plastic deformation behavior and residual strength 
to result in the following conclusion.  
1) In the non-linear FEM analysis model used in this study, the analysis result of the strong axis and the 
weak axis showed similar values to the result of loading test. Therefore, it is considered the model will be 
useful for predicting the behavior of post-buckling plastic deformation of a steel column.  
2) The fixed end model kept strength to the deformation level of 0.02 after reaching the maximum load 
in comparison with the analysis result of hinge end model and then exhibited slow strength degradation. 
The model had local buckling in the center, the lower and upper parts.  
This study will contribute to prevention of progressive collapse because it is possible to predict 
unexpected collapse modes by identifying buckling modes depending on the sectional shapes.  
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